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(54) System and nnethod for waveform nnorphology comparison 



(57) A ventricular tachycardia (VT) complex is dis- 
tinguished from a sinus tachycardia (ST) or a supraven- 
tricular tachycardia (SVT)- A template (700) based on 
morphology of a normal sinus rhythm is collected. A test 
signal (710) is compared against the template (700) to 
determine how closely the test and template signals 
correspond based on nnorphology. The comparison is 
done based on peak information in the template and the 
test .signal. A score is generated to indicate the degree 
of similarity between the template and the test signal. 



The peak information is extracted as follows. First, a 
group of three consecutive peaks (210. 212. 214) hav- 
ing a largest cunrwlative peak amplitude is kx^ted in the 
template (700) and in the test (710) signal. The polarity, 
position and area of each peak within the group is then 
deterrnined. The area of each peak is normalized. The 
poiarities. positions and normalized areas represent the 
peak information that is used lor comparison. 
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Description 

Background of the Invention 
Field of the invention 

The present invention relates generally to comparing waveforms without requiring sample-by-sample conrparison. 
More particularly, the present invention relates to eleclrcgram waveform conparison far discriminating ventricular tach- 
ycardia (VT) frcm sinus tachycardia (ST) and supraventricular tachycardia (SVT). 

Related Art 

In a heart monitoring system, it is often desirable to distinguish between ventricular complexes inat are conducted 
from the atria (i.e.. normal complexes) and ventricular complexes that originate in the verrtricular myocardium (i.e.. 
abnormal complexes). For example, it is important to be able to distinguish sinus tachycardia (ST) and supraventricular 
tachycardia (SVT) from ventricular tachycardia ( VT). Waveform rrwrphofogy comparison Is normally used to accomplish 
such disCTlmination. That is. a test intraventricular electrogram (IVEG) is compared to a template IVEG. The template 
IVEG is generally taken during a sinus rhythm. If the morphology comparison incficates that there is a ventricular tach- 
ycardia, corrective action is tak«i. For example, implantable cardioverter defibrillators (ICDs) or pacemakers can 
undertake corrective action when they delect ventricular tachycardia. For a nnore detailed desaiption of the origin and 
morphology of these signals, see U.S. Patent No. 5.340.009 to WHIiams. entitled "Medrcal Device with Morphology Dis- 
crimination." 

A major consideration in developing ICDs is ther limited battery power After implantation, batteries cannot be 
replaced without surgery and generally the entire tCD is replaced when the batteries are depleted. Thus, it is desirable 
to conserve battery power. One way to conserve battery power is by reducing the complexity of the signal processing 
that must be performed by the ICD. 

Conventional morphology algorithms compare test and tenplate IVEGs on a point-by-point basis. That is. charac- 
teristics about the points in the test IVEG are connpared to corresponding points in the template IVEG. Examples of 
such point-by-point morphotogy notching processes are disctosed in Greenhut. Saul E. & Steinhaus, Bruce M.. Tern- 
piate Matching Techniques of Electrophysiologic Signafs: A Practical Real-Time System for Detection of Ventricular 
Tachycardia, Biomedical Scientific Instruments. 1992, Vol. 28. pp. 37-42 (haeinafter "Template Matching Technique") 
and Greenhut. Saul E. etaL, Separation of Ventricular Tachycardia From Sinus Rhythm Using a Practical, Reai-Time 
Template Matching Computer System. PACE 1992. 15:2146-2153 (hereinafter "Separation of Ventricular Tachycar- 
dia"). 

Such conventional waveform conrparison techniques suffer from several shortccmir^gs. Rrsl, waveftjrm alignment 
is critical to a proper point-by-point comparison. If the test and template signals are not aligned con-ectfy, the result of 
the waveform comparison can be erroneous. Furthermore, aligning the test and tenrplate signals can be a burdensome 
and time consuming problem. 

Second, these conventional point-by-point processing techniques are computationally intensive- For example, such 
techniques generally require two divide operations. This is illistrated in the equation for the normalized area difference 
(NAD) in the references cited above (see equation (1) on page 39 of "Template Matching Techniques" and equation (1) 
on page.2.i48_of :S.eparatten_of Ventricular Tadiyc^ 

Both of these disadvantages result in excess current drain on the battery of an implanted ICD. The excess cunrent 
drain reduces the life expectancy of the ICD. The reduced life expectancy of the ICD exposes the patient to a greater 
risk and expense of r^eat surgery to replace the device. 

Thus. what is needed is an improved method for discriminating ventricular tachycardia (VT) from sinus tachycardia 
(ST) and sipraventricular tachycardia (SVT). Such a method shouW reduce conrputational complexity for powa sav- 
ings while at the same time reducing the alignment problem. 

Summary of the Invention 

The present invention is directed to distinguishing between a first signal and a second signal on the basis of how 
well the morphologies of tiie first and second signals match. The present invention torms a template based on the mor- 
phology of a "known" signal The "known" signal can be. for example, a signal collected during a period where a patient 
is known to exhibit a norral sinus rhythm. A test signal is compared against the template to determine how closely the 
signals correspond using their nxjrphotogy. 

In the preferred embodiment the morphology is represented by a consecutive series of N data samples. From 
these N data samples. M (e.g.. 3) peaks are identified. The positk)ns (i.e. order of occurrence), polarities and nornr^l- 
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ized areas of the pjeaks are compared to align the signals and yield a score. A higher score indicates less similarity 
between the first and second signals. 

In the preferred enrrtxxjiment, the invention is applied to monitoring heart signals to analyze the morphology of an 
intraventricular electrogram (l\/EG) for the purpose of discriminating ventricular tachycardia (VT) from sinus tachycardia 
(ST) and supra ventricular tachycardia (SVT). A template is generated by analyzing an IVEG depolarization during a 
sinus rhythm. The polarity and normalized area of the most significant consecutive peaks of the IVEG depolarization 
are recorded as the template. Each sensed IVEG is matched against the terrplate by comparing the position, polarity 
and normalized area of the most significant consecutive peaks and summing the differences. The resulting value pro- 
vides a measure of how similar in morphology the sensed IVEG is to the template IVEG. 

Further features and advantages of the invention, as well as the structure and operation of various embodiments 
of the invention, are descrit>ed in detail below with reference to tf-^e accompanying drawings. In the drawings, like refer- 
ence numbers generally indicate identical, functionally sinnilar, and/or stnjcturally similar elements. The drawing in 
which an element first appears is indicated by the diQit(s) fo the left of the two rightmost digits in the corresponding ref- 
ererKe number 

Brief Description of the Figures 

The present invention will be described with reference to the accompanying drawings, wherein: 

FIG. 1 is a flow chart for a method of morphology comparison of two signals according to a preferred embodiment. 
FIG- 2 is a graphic representation of an IVEG collected during a morphology window. 
FIG. 3 is a flow chart for determining peak information of interest according to the prefened embodiment. 
FIG. 4 is a flow chart for aligning a test and a template IVEG according to a preferred embodiment. 
FIG. 5 is a flow chart for determining whether peaks match according to a preferred embodiment. 
FIG. 6 is a flow chart for determining whether peak positions match and for correcting mismatch according to a pre- 
ferred embodiment. 

FIG. 7 illustrates an example mismatch correction using the ftow chart of FIG. 6. 

FIG. 8 is a system for nwphology comparison of two signals according to a preferred embodiment. 

FIG. 9 is a schematic representation of a preferred implementation of the system for nnorphology comparison of two 

signals in FIG. 8. 

Detailed Description of the Preferred Embodiments 

The template matching morphology method of the present invention calculates the difference in the normalized 
area of each significant peak of a template electrogram (EGM) and a test EGM over a fixed window size of data sam- 
ples. In addition, the test and template EGMs are not limited to collection from a patient. For example, the test and tem- 
plate EGMs can be compute generated for use. for example, in technique testing. 

For purposes of illustrating a preferred enrtKXliment. the invention is described in t&ws of comparing intraventricu- 
lar electrograms (iVEGs). It should be understood, however, that this is done for purposes of illustration only The inven- 
tion can be used for comparing any cardiac signal whether it is an EGM taken from implanted electrodes or an 
electrocardiogram (EGG) from surface electrodes or othenwise. 

Using a device designed according to the preferred embodiment of the present InventkKi reduces the complexity of 
waveform mor pdnolog y diagnosis. As a result, po wer is co nserved and fcattery life is extended. 

A flow chartfora template morphology matching method TOO according to a preferred^mbodiment of the invention 
is described with reference to FIG. 1. The beginning of method 100 is indicated in a step 102. In a step 104, a template 
IVEG is created. The tenplate IVEG is analogous to a standard to which test signals are compared. The template can 
be generated in a number of well known ways. In the preferred embodiment, the template is generated by sinrply col- 
lecting data points (i.e.. digital sanples of the IVEG) during a nwrphology window for a complex in a sinus rhythm. In 
an alternate embodiment, data is collected over a plurality of morphology windows during whkti there is a sinus rhythm. 
After the data is collected, the data is averaged to determine a template. Prior to the averaging however, the data must 
be aligned. A data alignment mechanism such as described herein can be ennployed. 

As part of the template creation step, the IVEG data is normalized. Normalizatton accounts for differences in abso- 
lute magnitude of the sensed signals that may be affected by variables such as elecUode placement, differences in 
amplifier gain, and the like. Normalization allows the method of the invention to compare the relative magnitudes of the 
peaks in the IVEG. Normalization of the template IVEG is described in detail below. 

The template is generated using morphology information of interest in the signal. In the preferred embodiment, the 
morphology information selected for comparison is information about M (e.g.. 3) consecutive peaks. The peak informa- 
tion includes normalized area, polarity, ard position vi e., order of occurrence) for the M consecutive peaks having the 
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largest sum of peak amplitudes in a collected signal. In the preferred embodiment, the signals are IVEG depolariza- 
tions. 

After creation of the template IVEG. a test IVEG « collected in a step 106. As discussed below with reference to 
FIG. 2. the test IVEG is collected over a nrx)rphotogy window 201 in a well known manner. 

Next, in a step 108. peak information is identified in the t^ IVEG. The test and template IVEGs are then aligned 
in a step 109. Alignment of the test and template IVEGs is tested in a step 1 10. If alignment failed, then method 100 
proceeds to step 1 14 where the test and template IVEGs are indicated as being dissimilar, tf alignment was succes^i 
(as indicated at step 1 10). then method 100 proceeds to step ill. 

In step 111 . the test and template IVEGs are conpared to determine a score. The score represents how well the 
test and template IVEGs match. The lower the score, the more similar are the test and template IVEGs. The score is 
compared to a threshold in a step 1 12. tf the score does not exceed the threshold, then the test and template IVEGs 
are indicated as being siinilar in a step 116. If the score exceeds the tfireshoid, Ifien the test and template IVEGs are 
indicated as being dissimilar in step 114. 

In the preferred embodiment, the threshold of step 112 is determined by looking at a number of trial runs of a 
patient in a sinus rhythm and a VT rhythm. The scores are then plotted and viewed. A threshoW value is pid<ed that will 
provide an acceptable (normally very low) probability that a score inaicating a VT rhythm is int^eted as a score lor a 
normal sinus rtiythm arxJ vice versa. 

After either of steps 1 14 or 1 16 are executed, method 100 ends as indicated at step 1 18. Alternatively, method 100 
may return to step 106 and repeat. In this manner, method 100 can continuously monitor an input stream of test IVEGs. 

As explained in further dataU betow. this nrethod of the present invention significantly reduces computational com- 
plexity. Because the method calculates a normalized area of peaks, there are optimally only three divides required. 
Importantly the method of the invention improves over conventional methods by not requiring two divides per sample 
point. Moreover, the alignment problem is solved by aligning on the basis of morphology (i.e.. peak polarity and peak 
amplitude), rather than corresponding data points (samples). 

The steps of method 100 are now explained in further detail with reference to FIGS. 2-8. 

FIG. 2 illustrates a graphical representation of a single IVEG depolarization to be collected in step 106. The test 
IVEG is collected and sampled during a morphology window 201 in a well known manner. Morphology window 201 
begins at a time 202 and ends at a time 204. During the morphology window 201, N data sarrples of the IVEG depo- 
larization are tak^. 

Referring still to FIG. 2, step 108 of determining peak information of the test IVEG is desaibed. A peak is defined 
to begin with the data sample that is greater than (in absolute magnitude) or equal to a fixed threshold 206 or 208 (in 
absolute magnitude). A peak is defined to end wth the data sanple that crosses the baseline 207. Three peaks 210. 
212 and 214 are illustrated. Peak 212 is the dominant peak, peak 214 is the second dominant peaK and peak 210 is 
the third dominant peak. The peaks must be cof^ecutive. 

FIG. 2 also illustrates a sensing window 218. Sensing widow 218. also known as the sense refractory period, 
begins when a peak rises above a sensing threshold 216. The end of the sensing window 218 corresporxis to the end 
of morphology window 201 . 

As illustrated in FIG. 2. peaks may be collected both before and after sensing window 218 begins. In the present 
inv^tion. M (e.g.. 3) peaks having the largest sum of peak amplitudes are used to analyze the waveform morphology 
While three peaks are preferred in the present implementatkjn of the invention, a person skilled in the art will recognize 
that a different number of peaks (e.g.. 2. 4 or more) may be used. 

FIG. 3 illustrates in furth er detail ste p 108 (see F IG. 1 ) of deter mining peak information tor the test IVEG. The peak^ 
infornation includes the normalized area of each peak ttie polarity of each peak, and the positions (not'in absolute 
time, but in order of occurrerrce) of the dominant and secorid dominant peaks in the test IVEG. 

When performing step 108. the method of peak determination begins in a step 302. In a step 303, the three con- 
secutive peaks with the largest sum of peak amplitudes are extracted. Next. In a step 304. the area is calculated for 
each of the three peaks selected in step 303. The area is essentially the size of the peak. In the preferred embodiment, 
the area is simply tiie arithmetic sum of the data points (amplitudes) in the peak. It would be apparent to those skilled 
in the art tiiat other methods for calculating area can be used. 

After determining the area for each of the three peaks selected in step 303. the method executes st^ 306. In step 
306. the polarity of each of the peaks selected in step 303 is determined, Pc^arity refers to whether a peak is greater 
than zero (positive) or less than zero (negative). For example, peak 212 has positive polarity, whereas peaks 210 and 
2 1 4 have negative polarities. 

After determining the polarity for each of the peaks, the positions of the mod dominant and second most dominant 
peaks in the three-peak set are determined in a step 308. Note that, in the prefeaed anbodiment. peak dominance is 
measured by peak amplitude, rather than by peak area. Also note that this position determination refers to a relative 
position or oroer of occurrence (e.g., third ctominant peak in a first position, dominant peak in a second position, and 
second dominant peak in a third position as for Fig. 2) rather than an absdute position (e.g., dominant peak at 63 msec. 
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second peak at 71 msec, etc.) within the morphology window. 

After determining the relevant positions, the area of each peak is normalized in a step 3 1 0. In the preferred emlxxJ- 
iment. the normayzation proceeds according to Equation (i) tor each peak in the 3-peak set selected: 



w 



Equation (I) 

NomiAreaPeakx - 



AreaPeakt 



\AreaPeak}\ \AreaPeok,\ \AreaPeaks\ 



In an alternate prefe-red embodiment, the noi malized area of each peak is calculated according to Equation (2). 
Equation (2) 

NormAreaPeakx = 



AreaPeakx 



\PeakWithMaxA rea 



25 The subscript x in Equations ( 1 ) and (2) indicates that the calculation is done for each peak selected in ^ep 303. After 
normalization, the method ends at step 312 to complete the determinatk>n of peak information for the test IVEG. 

Step 1 09 of FIG- 1 represents aUgnment of the test and template IVEGs. This step is detailed in FIG. 4. The method 
of FIG. 4 begins in a ^ep 402. In a step 403. an attempt is made to match the polarity of a dominant peak in the tem- 
plate IVEG with the polarity of a dominant peak in the test IVEG. Step 403 is described in further detail betow with ref- 

30 erence to FIG. 5. 

A step 404 determines whether the peak polarity matching of step 403 was successfui. If decision st^ 404 deter- 
mines that peak polarities do not match, then step 407 determines that the alignment tailed and the method continues 
to sl^ 408- In step 408. the method of step 109 ends and returns to the method of Fia 1. If. on the other hand, step 
404 determines that the peak polarities do match, then the method continues to step 405. 

35 Step 405 determines whether the peaks with matching polarities in the test and template IVEGs con-espond to one 
another in position. Peaks that correspond are peaks having the same sequential position in a particular IVEG. For 
example, rt the peak positions are mrrber&i from one to three, the peak in position one in the test IVEG conesponds 
to the peak in position one in the tenplate IVEG. If step 405 indicates that the peaks in the test and template IVEGs 
correspond to one another in position, thw the method continues to ^ep 408 In step 408. the method of step 1 09 ends 

4C and retums to the method of FIG. 1 . 

If. on the other hand, decision step 405 determines that the peaks in the test and tenrplate IVEGs do not cone- 
spond in position, then the method of step 109 continues with st^ 406. In step 406. the method attempts to align the 
peaks by shifting the dominant peak of the test IVEG to the right or the left^The effect ofttiis shifting is to drop a non-^ 
dominant peak off of one side of the three peak group and to add another pnaak to the other sid6 of the three peak group. 

45 This will align the peaks between the test and template IVEGs. Step 405 is desaibed in detail below with reference to 
FIG. 6. 

Step 403 of matching peak polarities in the test IVEG with peaks in the template IVEG is now descrtoed in further 
detail with reference to FIG. 5. The method begins in a step 502. In step 504. the polarity of the dominant peak of the 
template IVEG is compared to the polarity of the dominant peak of the t^ IVEG. The result of the comparison is 

50 checked in a step 506. K the polarities match, then a successful match is indicated at step 508. The method then er.ds 
and returns to the method of FIG- 4. as indicated at step 518. 

If. at step 506, it is determined that the polarities of the dominant peaks do not match between the test and template 
IVEGs. then the method continues to step 510. In step 510. the method compares the polarity of the second dominant 
peak of the template IVEG with the dominant peak of the test IVEG. The method checks the result of the compartson 

55 in decision step 512. If the polarities match, then a successful match in indicated at step 508. The method then contin- 
ues to step 518. If matching is done oh the basis of the "second dominant" peak of the ten^late IVEG, this second dom- 
inant peak will be called the "dominant- peak of the template IVEG tor the remainder of the method. This is done for 
ease of explanation. 
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If. at step 512. it is determined that the polarities of the second dominant peak of the template IVEG and the dom- 
inant peak of the test IVEG do not match, then the method continues to step 516. In step 516. the method indicates that 
the peak polarity matching has failed. The method then continues to step 51 8. If peak polarity matching has failed, then 
alignment of the te^ and template iVEGs is not possible. This causes a failure of alignment in step 407 of FIG. 4. 
5 Step 406 of shifting peaks m the test IVEG is now descrit>ed in greater detail. Step 406 is only reached if the initial 

peak polarity matching of step 403 (see FIG. 4) is successful, txit the positions of the dominant peaks do not correspond 
(recall that the "second dominant" peak of the template IVEG is considered the "dominanf peak if matching is done on 
thai basis) Step 406 attempts to make the peaks of the test IVEG correspond in position to the peaks of the template 
IVEG. 

ic Step 406 is described in detail with reference to FIG. 6. The method of FIG. 6 begins at step 602. In step 604. it is 
determined whether the position of the dominant peak in the test IVEG is greater than the position of the dominant peak 
tr, the tetnplate IVEG (recall that the "second dominant" peak of the :en^!al3 IVEG =s considered the "domirar.r peak 
if matching is done on that basis). H the test dominant peak has a greater positron than the tenrplate dominant peak 
(e.g.. est peak at positon #2 > tenplate peak at positio.n #1 ). then it may be possible to align the peaks by shifting the 

15 test peaks to the left. A shift does not actually occur Rather, the test IVEG is inspected or scanned to the right side of 
the dominant peak. It a new peak is found that matches (in poiarity and position) the peak to the right of the dominant 
peak of the template IVEG. then that new peak is added to the three peak group and the peak that previously occurred 
to the left of the dominant peak is dropped. Thus, a new group of test peate is formed. This is indicated by step 605. 
If the test dominant peak has a lesser position than the template dominant peak (e.g., test peak at position #2 < 

20 template peak at position #3). then it nr^y be possible to align the peaks by shifting the test peaks to the right. As 
explained above, a shift does not actually occur. Rather, the test IVEG is Inspected or scanned to the left side of the 
dominant peak. If a new peak is found thai matches (in polarity and position) the peak to the left of the dominant peak 
of the template IVEG. then that new peak is added to the three peak group and the peak that previously occurred to the 
right of the dominant peak is dropped. Thus, a new group of test peaks is formed. This is indicated by step 606. 

25 Note that in performing this searching or scanning of steps 605 and 606, the three peaks that are chosen from the 
test IVEG must be consecutive. Thus, if a mismatching peak occurs on the left side of the dominant peak of the test 
IVEG. then only the right side can be checked for a matching peak. Similarly, if a mismatching peak occurs on the right 
side of the dominant peak of the test IVEG. then only the left side can be checked for a matching peak. If a new peak 
is found in either of steps 605 or 606. the new peak is added to the test IVEG and the mismatched peak is dropped from 

30 the test IVEG. as desaibed above, to form a new 3 peak group for the test IVEG. 

After scanning left or right, the method continues in decision step 608 to determine whether the scanning was suc- 
cessful in matching peaks. If no match can be made, the method proceeds to step 614 whwe the method ends and 
returns to the method of FIG. 4. if a new peak was found so that the polarities of the three new peaks in the test IVEG 
match the corresponding peaks in the template IVEG. then the method continues in step 610. 

35 In step 61 0. the method selects the three new peaks of the test IVEG for comparison to the template IVEG in step 
1 1 1 (see FIG. i). The method then continues to step 612. In step 612. the three new peaks of the test IVEG are nor- 
malized using either of Equation (1) or Equation (2) above. The method th«i continues with step 614. In step 614. the 
method returns to FIG. 4. and continues in step 408. 

An example of the correction of step 406 is illustrated in FIG. 7. FIG. 7 illustrates a template IVEG 700 and a test 

40 IVEG 7 1 0. Dashed vertical lines have been drawn over the two IVEGs to show the correspondence therebetween. Note 
that template IVEG 700 has a dominant peak A, a second dominant peak B, a third dominant peak C and a fourtfi dom- 

inant peak D- The three dominant peaks occur in the order of: C-A-B. Note that test IVEG 710 als o has a dominant peak 

A. a second dominant peak B. a third dominant peak C and a fourth dominant peak 0. htowever. note that the three 
dominant peaks occur in a different order with respect to the peaks of template IVEG 700. The three dominant peaks 

45 of the test IVEG occur in the order of: A-B-C. Thus, step 405 of FIG. 4. would return an indication that the peaks do not 
correspond in positk>n. This non-correspondence is illustrated in the following table: 



IVEG 


Position #1 


Position #2 


Position #3 


Template 


C 


A 


B 


Test 


A 


B 


C 



55 

Correction of this misatignrnent according to step 406 of FIG. 4 would proceed as detailed in FIG. 6 as follows. 
Because peak A (i.e.. the dominant peak) of test IVEG 7 10 occuis first in the ttiree peak group, it is in position n^ How- 
ever, peak A of template IVEG 700 occurs after peak C. Thus, peak A of template IVEG 700 is in position #2. Step 604 
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determines whether the test peak A has a greater position than template peak A (i.e.. is test peak A at position #1 > 
template peak A at position #2). In this case, the test peak position is not greater than the template peak position. 
Therefore, the method proceeds to step 606 where the test IVEG is shifted right (i.e.. the IVEG is inspected to the left 
side of the current three peak group in an attennpt to find the next consecutive pe^). This operation will locate fourth 
5 dominant peak D. 

^4ote that peak D nf^tches (in polarity and position) {see step 608) peak C of the template iVEa Therefae. peak 
D is added to the three peak group and peak C is dropped from the three peak group for the test IVEG. This shift oper- 
atbn results in alignment of the peaks between the test IVEG and template IVEG as iUustrated in the following taWe: 

to 



IVEG 


Position #1 


Position #2 


Position #3 


Tenplate 


C 


A 


8 


Test 


D 


A 


8 



Note that peak D is taken as the third dominant peak of the test IVEG even though it is really fourth largest in amplitude. 
This correction to the three peak group of the test IVEG results in all peaks of the test IVEG having nrtatching peaks of 
20 the template IVEG. 

In the prefen-ed embodiment, the three new peaks of the test IVEG may then be normalized (as indicated in step 
61 2). and a score calculated in accordance with step 1 1 1 of FIG, i . The following equations can be used to calculate a 
score: where: 

25 UnmatchedTemplatePeaks = Normalized Areas of the unmatching template peaks 
UnmatchedTestPeaks = Normalized Areas of the unmatching test peaks 



Equation (3) 

30 

score ^ IpnmaichedTempfatePeak^ > Y\UnmaichedTestPeak^ + 
J\MatchedTemplatePeaks - MatchedTestPeak^ 

55 



40 MatchedTemplatePeaks = Normalized Areas of the matching template peaks 
MatchedTestPeaks • = Normalized Areas of the matching test peaks 

In the case where the alignnr>ent position of the three consecutive peaks is the same for both the template and the 
test IVEGs (i.e. the lest and template complexes match)r EquatiOT (3)-feduces to Equation (4): ^ 

Equation (4) 

Scotii ^ \TemplatePeak^ - Tes/Peakt] + \TempfaiePeak^ - res(Peak2\ + 

50 

\TemplafePeakj - TesiPeakJ^ 



55 where: 



TemplatePeaki - Normalized Area of dominant template peak 
TestPeak* = Normalized Area of dominant test peek 
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TemplatePeakg = Normalized Area of second dominant template peak 
TestPeak2 = Normalized Area of second dominant test peak 
TemplatePeakj « Normalized Area of third dominant template peak 
TestPeak3 = Nornralized Area of third dominant test peak 

5 

Thus, in the preferred embodiment, the method uses Equation (3) when some peaks have no match in the test and tenv 
plate IVEGs and Ec^ation (4) when a match is found between all three peaks of the test and template iVEGs. If desired, 
however. Equation (3) may be used in all cases. 

As can be seen from Equations (3) and (4). the score indicates the relative similarity between the lest and template 
ic IVEGs. In the preferred embodiment, a smaller score indicates relative similarity, while a larger score indicates that the 
two IVEGs are dissimilar. 

FIG. 8 illustrates a system 802 according to a pieferred e.i^iment of the present invention. Although applicable 
to signals in general, the system illustrated in FIG. 8 is directed toward the preferred embodiment of IVEGs in an 
implantable cardiac pacing or defibrillation device. The system contains a lennplale collection unit 804. a test IVEG col- 
/5 lection unit 808. a peak information extraction unit 810. an alignment unit 812. a score determination unit 814. and a 
thresnold comparison unit 81 6. In addition, the system inaudes a template storage area 806. 

The template collection unit 804 creates a tenplate as described above. In the preferred embodiment the template 
so created is stored in a template storage area 806. Thus, a template need not be created each time a test IVEG is to 
be compared to a template. Rather a template can be retrieved from the template storage area 806 and passed to that 
2C tennplate collection unit 804 for subsequent processing in the system. 

The test IVEG collection unit 808 collects a test IVEG for determination of whether the test IVEG is a sinus or VT 
complex. The test IVEG collection unit 808 collects a test IVEG during a sense refractory period in a well-known man- 
ner. The test IVEG collection unit 808 and template collection unit 804 are coupled to a peak information extraction unit 
810. 

25 The peak information extraction unit 810 extracts peak information of interest from both frie template and test 
IVEGs for the corrparison phase of the present invention. As explained above, the peak infbrmation of interest accord- 
ing to a preferred embodiment are the normalized area, polarity, and position of each of the three consecutive peaks 
having the largest sum of peak amplitudes in a collected signal. In addition, the peak Information extraction unit 810 nor- 
malizes the areas of the 3 consecutive peaks. The peak infornaation extraction unit 810 is coupled to an alignment unit 

3C 812. ^ 
The alignment unit 812 determines whether the template and test IVEGs are aligned as descrft>ed above. The 
alignment unit 812 is coupled to a score determination unit 814. The alignment unit 812 transmits an indication of 
whether the test and template signals match to the score determination unit 814. 

The score determination unit 814 receives the match indication from the alignment unit 81 2. The scae detenmina- 

35 tion unit calculates a score using Equation (3) or Equation (4), as described above. Whether the system uses Equaton 
(3) or Equation (4). depends on the received match indication. If the received match indication indk^tes no nratch. the 
system uses Equation (3). If on the other hand, the received match indication indicates a match, the system uses Equa- 
tion (4): The score detwmination unit is coupled to a threshold comparison unit 816. Note that the systwn, if desired, 
could use Equation (3) regardless of whether a match is indicated. 

40 The threshold comparison unit 816 compares the score to a threshokJ (described above). If the score is greater 
than the threshold, then the test and template signals are dissimilar. However, rt the score is less than the threshold, the 

test an d tem pl ate si g nals ar e similar to one another. ^ 

FIG. 9 illustrates the preferred embodiment for the system described'in FIG. 8. The pr6ferred"errto6dtmertt induies 
a microprocessor 902. a random access memory (RAM) 904. an input/output (I/O) unit 908. and a bus 906. The func- 

45 tionality of system 802 is implemented in software in microprocessor 902. Bus 906 provides for comnrujnication between 
RAM 904. microprocessor 902 and input/output unit 908. I/O unit 908 is also coupled to a pati^rt's heart 910 in a well 
known manner to collect the template and test iVEGs. 

In FIG. 9. microprocessor 902 instructs I/O unit 908 to collect a template IVEG. I/O unit 908 collects tfie template 
IVEG in a well-known manner, I/O unit 908 stores the template IVEG in RAM 904 over bus 906. Microprocessor 902 

5c extracts peak information from the template IVEG and stores the peak information In RAM 904. The original template 
IVEG can be discarded. At a later time, miaoprocessor 902 instructs I/O unit 908 to collect a test IVEG. The test IVEG 
is stored in RAM 904 over bus 906. Miaoprocessor 902 extracts peak information from the test IVEG and stores the 
information in R/VM 904. The original test IVEG can then be discarded. After obtaining the peak information from the 
test IVEG. microprocessor 902 performs the alignment of alignment unit 812 and determines the score as explained 

55 with reference to score determination unit 814. Miciopiocessor 902 then performs a threshold comparison test as 
explained with reference to tiireshold comparison unit 8i5 to determine whether the test and template IVEGs match. 

White various embodiments of the present invention have been desaibed above, it should be understood that they 
have been presented by way of example only, and not limitation. Thus, the breadth and scope of the present invention 
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should not be limited by any of the above^lescribed exemplary embodiments, but should be defined only in acoxdance 
with the following dain^ and their equivalents. 

Claims 

5 

1 . An apparatus for distingu . ;ig between a ventricular tachycardia (VT) complex and a sinus tachycardia (3T) or 
supra ventricular tachycardia (SVT) complex, comprising: 

(a) means (908; 804. 808) for collecting a template intraventricular electrogram (700) and a test intraventricular 
re electrogram (710); 

characterized by 

(b) means (902; 303) for locating a group of three consecutive peaks (210. 212. 214) having a largest cumula- 
tive area for each of said intraventricular electrograms {700, 710). 

(c) means (902; 306, 308) for determining a polarity and a position of each peak (210. 212. 214) within said 
13 group for each of said intraventricular etectrograms (700, 710), 

(d) means (902; 310) for nomializrng the area of each peak (210. 212, 214) in said group, wherein said polar- 
ities, said positions and said normalized areas represent extracted peak information; 

(e) means (902; 504. 510; 604) for comparing polarities arxl positions of said extracted peak informatwn for 
said test intraventricular electrogram (710) with polarities arKJ positions of said extracted infornriation for said 

20 template intraventricular electrogram (700) to align said test intraventricular electrogram (710) with said, tem- 

plate intraventricular electrogram (700); and 

(f) means (902; 111) for conparing said extracted peak information for said test intraventricular electrogram 
(710) with said extracted information tor saia tennpiate intraventricular electrogram (700) to generate a score 
indicative of similarity between said template intraventricular electrogram (700) and said test intraventricular 

25 electrogram (7i0). 

2. The apparatus of claim 1 . characterized in that said means (902; 310) for normalizing comprises: 

means (902; 310) for normalizing each peak (210. 212. 214) with respect to the sum of the areas of each of 
3C said three consecutive peaks (210. 212, 214). 

3. The apparatus of ciaim 1 , characterized in that said means (902; 310) for normalizing comprises: 

means (902; 310) for normalizing each peak (210. 212. 214) with respect to a peak (212) having the largest 
35 area of said three consecutive peaks (210, 212. 214). 

4. The apparatus of any of daims 1 - 3. characterized in that said means (902; 406; 504. 510: 604) tor comparing 
indudes: 

4c means (504) for comparing the polarity of a dominant test peak to the polarity of a dominant ten^ate peak; 

means (406) for aligning said template intraventricular electrogram (700) with said test intraventricular electro- 
gram (710) on the basis of said dominant peaks if the polarity of said dominant test peak matches the polarity 
of said dominant template peak; 
- means (510) for comparing the polarity of^akl dominant test peak to the^wlarity of said second dominant-tern^ 

45 plate peak if the polarity of said dominant test peak does not match the polarity of said dominant template 

peak; 

means (406) for aligning said template intraventricular electrogram (700) with said test intraventricular electro- 
gram (710) on the basis of said dominant test peak and said second dominant template peak if the polarity of 
said dominant test peak matches the polarity of said second dominant template peak; and 
50 means (1 14) for indicating that the test and template intraventricular electrograms (700. 710) could not be 

aligned if the polarity of said dominant test peak does not match the polarity of either said dominant template 
peak or said second dominant template peak. 

5. The apparatus of dalm 4. characterized in that said means (406) for aligning indudes; 

55 

means (604) for determining whether positions of said test peaks correspond to positions of said template 
peaks: and 

means (605, 606) for scanning said test intraventricular electrogram (710) for another peak with which a matcn 
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can be made it said positions of said test peaks do not carespond to positions of said template peaks. 

The apparatus of any of claims 1 - 5. characterized in that said means (902; 1 1 1) for comparing said extracted peak 
information corrprises: 

means for calculating said score as the sum of the magnitudes of the areas of unmatched template peaks, the 
areas of unmatched test peaks, and the difference between the areas of any matched template and test peaks 
If peaks in said template intraventricuJar electrogram (700) and said test intraventricular electrogram (710) do 
not match in position arKj polarity: and 

means for calculating said score as the sum of the magnitudes of the differences between the areas of the 
matched peaks if peaks in said template intraventricular electrogram (700) and said test intraventricular elec- 
trogram (710) all match in position and polarity. 

A metlTOd for distinguishing between a vent. icular tachycardia complex and a sinus tachycardia or supra ventricufar 
tachycardia conrplex. connprising the st^s of: 

(a) collecting a template intraventricular electrograin and a test intraventricular electrogram; 

(b) for each of said intraventricuiar electrograms, 

(1) locating a group of three consecutive peaks having a largest cunrtulative area. 

(2) determining a polarity and a position of each peak within said group, and 

(3) normalizing the area of each peak in said group, wherein saki polarities, sakl positions and said nor- 
malized areas represent extracted peak information; 

(c) conparing polarities and positwris of said extracted peak information for said test intraventricular electro- 
gram with polarities and positions of said extracted information for said ten^late intraventricular electrogram to 
align said test intraventricular electrogram with said template intraventricular electrogram; and 

(d) comparing said extracted peak information for said test intraventrkiular electrogram with sakl extracted 
information for said tenrplate intraventricular electrogram to generate a score indicative of similarity between 
said template intraventricular electrogram and said test intraventricuiar electrogram. 
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